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Assays and Probes with Enzyme Labels 
Technical Field 

This invention relates to probes comprising enzyme 
labels and specific binding members such as antibodies 
5 and single-stranded nucleic acids, and assays employing 
such probes. 
Background Art 

The use of enzymes as labels in a wide variety of 
clinical, veterinary and environmental diagnostic assays 

10 including enzyme immunoassays and nucleic acid probe - 
based assays is well known. One example of the use of 
these employs a sandwich format in which an immobilized 
antibody, antigen or nucleic acid is used to recognize 
and bind to a portion of the molecule to be detected. An 

15 appropriate enzyme - labelled antibody or nucleic acid 
probe is then introduced which binds to a different 
portion of the complex to be measured. This results in 
the formation of a complex immobilized to the solid 
surface which is labelled with the enzyme. After several 

20 washing steps to remove all traces of the original sample 
and the excess unbound labelled moiety, a substrate for 
the enzyme is introduced, and the presence of the enzyme 
detected by its action on a substrate to produce a change 
in colour, fluorescence, redox state, or to produce 

25 light. 

It is important that enzymes employed as labels 
catalyze a reaction which has an easily detectable 
product, and have a high turnover number to allow 
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sensitive detection: horseradish peroxidase and alkaline 
phosphatase are most common. Although sensitive 
chemiluminometric assays for horseradish peroxidase have 
been described which allow small amounts of enzyme to be 
5 detected, problems associated with its use include lack 
of enzyme and substrate stability and the presence of 
endogenous peroxidases in samples. 

For alkaline phosphatase, enzyme amplification 
cycles have been described which further reduce the 

10 amount of enzyme which can be detected, thereby extending 
the detection limit. For example, in US Patent No. 
5,445,942 to Rabin et al . , entitled "Amplification Assay 
for hydrolase enzymes" , a method is described for 
detecting a hydrolase enzyme able to hydrolyze a 

15 synthetic derivative of FAD substituted in such a way 
that it yields FAD when hydrolyzed. The FAD produced 
forms an active holoenzyme from the corresponding 
apoenzyme . This approach allows the detection of small 
amounts of alkaline phosphatase in short periods of time. 

20 For example, we have used such an amplification system in 
which the apoenzyme is apo-D-amino acid oxidase to 
measure 0.1 amol of alkaline phosphatase in less than 30 
minutes (Harbron S, et al . , Anal. Biochem. (1992) 206: 
119 - 124) . 

25 However, the use of alkaline phosphatase as the 

label enzyme has a number of shortcomings: its large 
size (MW = 140,000) means that it can sterically hamper 
the association of the antibody or nucleic acid probe 
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with its target; its nature as a membrane-associated 
protein means that it binds non-specif ically to many- 
surfaces; it is very sensitive to the presence of 
phosphate carried over from previous assay stages; it has 
5 limited stability at the temperatures often used in 

nucleic acid hybridization steps ; and it is a commonly 
occurring enzyme in many tissues and occurs in the 
environment at large as a component of bacteria and other 
microorganisms . 

10 Rabin et al . describe the use of the amplification assay 
for the detection of sulphatases, carboxylesterases, 
acetylesterase and venom phosphodiesterase which may 
obviate some of these problems, but they do not teach 
that the approach could be used for the assay of enzymes 

15 of the nuclease class, such as nuclease SI and nuclease 
PI. It is known that nuclease PI hydrolyses Coenzyme A 
(Fujimoto et al . , Agr. Biol. Chem. (1974) 38: 1555 - 
1561) . 

EP-A-401,001 concerns novel dioxetanes having a 
20 substituent -X-Y-Z where Z and Y are protecting groups 
which are removable successively, leading to 
chemiluminescence. For a sandwich assay, Z may be 
removed by a first triggering enzyme El which is directly 
or indirectly bound to an antigen, antibody or nucleic 
25 acid probe. El may be a nuclease. 

Further examples of assays involving enzyme - 
containing probes are provided by EP-A- 0 , 3 04 , 934 , US-A- 
5,563,063, WO-A-96/41015 , WO- A- 90/00252 , EP-A-0 , 061,071, 
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EP-A- 0 , 124 , 124 , EP-A- 0 , 516 , 948 and GB - A- 2 0 18 9 8 6 . 
Disclosure of Invention 

We have discovered that both nuclease SI and nuclease PI 
can hydrolyze the synthetic analogue of FAD in which the 
5 3 ' hydroxyl group on the ribose moiety of FAD is 

esterified with phosphoric acid to give 3'FADP, thereby 
giving a new means of assaying these enzymes in an 
extremely rapid and sensitive fashion. 
But Fu j imoto et al . also showed that nuclease PI 

10 hydrolyses single stranded DNA and RNA, which would 

indicate that this enzyme is unsuitable for labelling 
nucleic acid probes. In fact, the prior art teaches 
that nucleases are used for degrading nucleic acids: thus 
U.S. Patent, No. 5,145,780, to Oishi and Aoi describes an 

15 enzyme preparation produced by a fungus such as 

Trlchoderma. , Aspergillus and Fusarium which contains a 
nuclease that is active even after heating at 100°C for 
3 0 minutes. This enzyme preparation may be effectively 
used when it is necessary to decompose nucleic acids at 

2 0 elevated temperature over a prolonged period. U.S. 

Patent, No 5,006,472, to Dove and Mitra, discloses a 
method for purifying rDNA or monoclonal antibody culture 
products by using nuclease enzyme treatment to degrade 
undesirable residual nucleic acids to a molecular size or 

25 charge range sufficiently different from the product to 

be purified so that this difference can be exploited in a 
subsequent purification step (e.g. precipitation, size 
exclusion chromatography or ion exchange chromatography) . 
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Although it would not therefore be expected that 
nuclease PI and nuclease SI could be used to label 
nucleic acids, Fu j imoto et al . demonstrated that the 
ability of nuclease PI to hydrolyze single - stranded 
5 nucleic acids was pH dependent, and we have found that pH 
values greater than 7.0 allow the labelling of nucleic 
acids with these nucleases. 

Broadly, the present invention relates to the use of 
PI and SI nucleases as enzyme labels for assays. Thus in 

10 one aspect the invention provides a probe which comprises 
a nuclease (particularly PI or SI) coupled to a specific 
binding member ("sbm") (generally an antibody or a 
single -stranded nucleic acid) . The nuclease is 
preferably covalently attached to the sbm. 

15 In another aspect the invention provides a method of 

producing a probe which comprises coupling a nuclease to 
an sbm . 

In further aspects the invention provides an assay 
method employing a probe according to the first aspect, 
2 0 and a kit for carrying out such an assay. 

A preferred type of sbm is antibodies (particular 
IgG antibodies) and functional fragments thereof capable 
of binding to a target in an assay procedure. 

Another preferred type of sbm is nucleic acids (DNA, 
25 RNA or analogues thereof), generally oligonucleotides. 
The nucleic acid may be produced with a derivatised 5 ' - 
end (e.g. trityl-hexyl thiol derivatised) to facilitate 
coupling to a nuclease which has been rendered 
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susceptible to disulphide exchange, e.g. being 2-pyridyl 
disulphide activated . 

Preferred embodiments of the invention may enable 
one to achieve one or more of the following objects and 
5 advantages : 

(a) to provide an enzyme label which is small and which 
does not interfere with the association of antibody 
and antigen, nor of complementary strands of nucleic 
acid; 

10 (b) to provide an enzyme label which may be easily 

conjugated to antibodies and nucleic acids using 
well-known methodologies ; 

(c) to provide an enzyme label which is not membrane 
associated in its natural state, and which is 

15 secreted into the growth medium, and which therefore 

has a low level of non-specific binding to solid 
surfaces ; 

(d) to provide an enzyme label which is largely 
insensitive to the presence of phosphate, allowing 

20 it to be used in automated assay machinery in which 

phosphate -containing washing solutions are routinely 
used; 

(e) to provide an enzyme label which has good 
temperature stability, allowing it to be used at 

25 high temperature, particularly in nucleic acid 

assays ; 

(f) to provide an enzyme label which is not a commonly 
occurring enzyme, thereby avoiding contamination 


WO 98/19168 PCT/GB97/02981 

7 

from endogenous enzyme in the sample . 

Further objects and advantages are to provide the 
use as enzyme labels of enzymes which are commercially 
available, which are not inhibited by phosphate 
5 monoesters which may be included in the assay solution to 
prevent endogenously occurring phosphatases from 
hydrolysing 3'FADP, which do not hydrolyze single- 
stranded nucleic acids at the pH employed in the assay 
solution, and which can be assayed using an enzyme 
10 amplification system. 

Some embodiments of the invention will be described 
in more detail, by way of example, with reference to the 
accompanying drawings . 
Brief Description of Drawings 
15 Figure 1 shows a standard curve for the 3 f FADP-based 

enzyme amplification assay of nuclease PI and SI; 

Figure 2 is a graphic comparison of the effect of 
phosphate on the 3'FADP-based enzyme amplification assay 
of alkaline phosphatase and nuclease PI; 
20 Figure 3 is a graphic comparison of the effect of p- 

nitrophenyl phosphate on the activity of nuclease PI and 
endogenous phosphatase ("FADPase") activity measured 
using the 3'FADP-based enzyme amplification assay; 

Figure 4 is a graphic comparison of a nuclease Pl- 
25 based enzyme immunoassay for measles (using the 3'FADP- 
based enzyme amplification assay and measuring the 
absorbance at 520 nm) with an alkaline phosphatase-based 
enzyme immunoassay, (using p-nitrophenyl -phosphate and 
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measuring the absorbance at 405 nm) ; and 

Figure 5 is a graph showing the results of a 
microtitre plate-based gene probe assay using a nuclease 
PI- labelled probe. The absorbance was measured after 20 
5 minutes incubation with the 3'FADP-based enzyme 
amplification assay . 

Modes for carrying out the invention 

One preferred type of embodiment of the present 
invention employs the enzyme nuclease PI covalently 

10 attached to an antibody. The covalent attachment may be 
achieved by a number of well-known methods using a wide 
range of heterobif unctional reagents. For example, the 
method of Carlsson et al . (Biochem J (1978) 173: 723 - 
737) may be used: nuclease PI is reacted with 3-[(2)- 

15 pyridyldithio] propionic acid N-hydroxysuccinimide ester 
(SPDP) to give a 2-pyridyl disulphide-activated enzyme. 
This is mixed with an IgG antibody, and a disulphide 
exchange reaction yields a nuclease Pl-IgG antibody 
conjugate . 

2 0 This conjugate may, for example, be used in a 

sandwich immunoassay in which an antibody immobilized on 
a microtitre plate binds a target antigen from a sample, 
and the nuclease Pl-IgG antibody conjugate binds to 
another site on the antigen, producing an immobilized 

25 complex labelled with nuclease PI. Following a number of 
washing steps nuclease PI which has become immobilized in 
this way can be detected using the prosthetogenic 
amplification system of Rabin et al . For this assay, a 
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solution containing buffer, 3 'FADP, apoglucose oxidase, 
glucose, horseradish peroxidase and its substrates are 
added. 3 ' FADP is hydrolyzed by nuclease PI to yield FAD 
which is bound by apoglucose oxidase. The hologlucose 
5 oxidase thus formed oxidizes glucose to produce hydrogen 
peroxide, which is in turn a substrate for horseradish 
peroxidase, yielding a coloured product conveniently 
quantitated in a microplate reader. To eliminate signal 
caused by endogenous phosphatase remaining after the 
10 washing step, which would also hydrolyze 3 ' FADP to give 
FAD, a phosphatase substrate such as p-nitrophenyl 
phosphate or 2 -glycerophosphate , may be added. The 
phosphatase contaminant will hydrolyze this in preference 
to 3 ' FADP . 

15 Another preferred type of embodiment of the present 

invention employs the enzyme nuclease PI covalently 
attached to a nucleic acid. The nucleic acid may be DNA 
or RNA or an analogue thereof. The nucleic acid may be 
an oligonucleotide produced by solid-phase chemistry by a 

20 Nucleic Acid synthesizer having a trityl-hexyl thiol 

derivatized 5 '-end. This allows disulphide exchange with 
the 2-pyridyl disulphide-act ivated enzyme described above 
to yield a nuclease PI -oligonucleotide conjugate. 

This conjugate may, for example, be used in a 
25 sandwich hybridization assay in which an oligonucleotide 
immobilized on a microtitre plate binds a single-stranded 
target nucleic acid from a sample denatured with alkali . 
After annealing and neutralisation of the alkali, the 
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nuclease Pl-oligonucleotide conjugate binds to another 
site on the target nucleic acid, producing an immobilized 
complex labelled with nuclease PI. Following a number of 
washing steps nuclease PI which has become immobilized in 
5 this way can be detected using the prosthetogenic 

amplification system of Rabin et al . For this assay, a 
solution containing buffer, 3'FADP, apoglucose oxidase, 
glucose, horseradish peroxidase and its substrates are 
added. 3 ' FADP is hydrolyzed by nuclease PI to yield FAD 

10 which is bound by apoglucose oxidase. The hologlucose 

oxidase thus formed oxidizes glucose to produce hydrogen 
peroxide, which is in turn a substrate for horseradish 
peroxidase, yielding a coloured product conveniently 
quantitated in a microplate reader. To eliminate signal 

15 caused by endogenous phosphatase remaining after the 

washing step, which would also hydrolyze 3'FADP to give 
FAD, a phosphatase substrate such as p-nitrophenyl 
phosphate or 2 -glycerophosphate , may be added. The 
phosphatase contaminant will hydrolyze this in preference 

2 0 to 3 ' FADP. 

Example 1 

Standardization of Nuclease PI. 

Nuclease PI (1 mg; obtained from Sigma Chemical 
Company, batch no: 107F0799) was dissolved in 1 ml of 
25 water to give a concentration of 22.7 fiM and stored at 
4°C. The activity of this solution was assayed in the 
following mixture: 0.16 mM NADH, 1 mM ATP, 1 mM PEP, 1 mM 
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MgS0 4/ 2 0 mM KC1, 0.5 mM adenosine 3 " , 5 " -bisphosphate , 1 U 
pyruvate kinase, 1 U lactate dehydrogenase and 1 U 
myokinase in 5 0 mM HEPES buffer, pH 7 . 2 , in a total 
volume of 1 ml . From the change in absorbance at 34 0 nm 
5 the activity of nuclease PI was solution was found to be 
320 U/ml, assuming a molar extinction coefficient of 6220 
for NADH. 

Example 2 

Amplification Assay of Nuclease PI and Nuclease SI 

10 A solution of nuclease PI standardized according to 

Example 1 was serially diluted in 50 mM citrate buffer 
adjusted to pH 6.5 with NaOH. The assay mixture 
contained 2 0 fiM 3'FADP, 0.1 mM 4 -aminoantipyrine , 2 mM 
DHSA, 1 /xg horseradish peroxidase, 0.1 M glucose and 0.1 

15 fiM apoglucose oxidase in a total volume of 0.1 ml. The 
change in absorbance was monitored at 52 0 nm in a 
Dynatech MR7000 plate reader fitted with a 
thermostatically controlled plate holder set to 25°C. 
Figure 1 shows the performance of the nuclease PI assay. 

20 After a 15 minute assay period, the detection limit 
(defined as 3 times the standard deviation of the 
background reading) was 0.2 amol . Nuclease SI was 
assayed in a similar manner, and the detection limit was 
4 amol (Figure 1) . 
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Example 3 

Effect of Phosphate on the Activity of Nuclease PI 
and Alkaline Phosphatase 

Phosphate buffer, pH 6.5, was added to the reaction 
5 mixture described in Example 2 to give a final 

concentration of phosphate ranging from 0 to 10 mM. The 
effect of phosphate on the activity of nuclease PI is 
shown in Figure 2 . This was compared with the effect of 
phosphate on alkaline phosphatase. The same assay 
10 mixture was used, but 0.1 M Tris buffer, adjusted to pH 
8.9 with HC1 was used instead of the citrate buffer, and 
the phosphate buffer which was added was also adjusted to 
pH 8.9. Clearly, phosphate has less of an effect on 
nuclease PI than on alkaline phosphatase. 

15 Example 4 

Effect of p-Nitrophenyl Phosphate on the Activity of 
Nuclease PI 

The effect of p-nitrophenyl phosphate on the 
activity of nuclease PI was investigated by adding p- 

2 0 nitrophenyl phosphate to the assay mixture described in 
Example 2, to give a final concentration ranging between 
0 and 10 mM. The effect of the added p-nitrophenyl 
phosphate on the background color generation in the 
absence of nuclease PI was also noted. This background 

25 is due to endogenous "FADPase" in the apoglucose oxidase 
used in the assay. At concentrations up to approximately 
5 mM, added p-nitrophenyl phosphate has no effect on 
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nuclease PI, but reduces the background signal by 80-100% 
( Figure 3 ) . 

Example 5 

Oligonucleotide Synthesis 

5 Oligonucleotide were synthesized on a Cyclone™ DNA 

synthesizer using the Expedite™ chemistry. The DNA to be 
immobilized on a microtitre plate, known as the capture 
DNA probe, was designed to capture a plasmid containing 
the 5 ' -end of the gene encoding human pancreatic 
10 ribonuclease , including the bovine leader sequence (see 
Taylorson et al . WO96/2001) . This plasmid also had R4A, 
K6E and K66E mutations. The sequence was: 

5 ' - GAATTCCCATGGCGAAGGAATCCGCTGCCGCTAAA- 3 ' 

The DNA to be labelled with nuclease PI, known as 
15 the reporter probe, was complimentary to a region in the 
middle of the ribonuclease gene containing the K6 6E 
mutation. This probe was derivatized at the 5' end with 
a trityl-hexyl thiol group to facilitate linkage to 
nuclease PI. The sequence was: 

2 0 5 ' - GGTCACCTGCGAAAACGGGCAGG- 3 ' 

The oligonucleotide were freeze-dried and stored at 
4°C until required. 

Example 6 

Derivatization of Nuclease PI 

25 Nuclease PI (5 mg) was dissolved in 0 . 5 ml 0.1 M 
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sodium bicarbonate pH 7 . 5 containing 0.1 M sodium 
chloride and desalted by gel filtration on Sephadex G25 
(NAP- 5 column, Pharmacia) equilibrated with the same 
buffer. This enzyme solution was incubated with a 50- 
5 fold molar excess of 3 - (2 ) -pyridyldithio) -propionic acid 
N-hydroxysuccinimide ester (SPDP) at room temperature for 
3 0 minutes. Unreacted SPDP was removed by gel filtration 
on Sephadex G25 (NAP 10 column, Pharmacia) equilibrated 
with the bicarbonate buffer. The 2-pyridyl disulphide- 
10 activated nuclease PI was stored at 4°C. 

Example 7 

Conjugation of Nuclease PI to Antihuman IgG 

The 2-pyridyl disulphide-activated nuclease PI 
prepared according to Example 6 was transferred to 0.1 M 

15 sodium acetate buffer, pH 4.5, containing 0.1 M sodium 
chloride by gel filtration on Sephadex G 25. Antihuman 
IgG (y-chain specific) was dissolved in the acetate 
buffer to give a concentration of 3 mg/ml, and desalted 
by gel filtration on Sephadex G 25 (NAP 5 column, 

20 Pharmacia) equilibrated with the same buffer. Activated 
nuclease PI was mixed with the IgG solution at a molar - 
ratio of 3:1, and incubated at room temperature for 45 
minutes, and then at 4°C for a further 16 hours. The 
conjugate was transferred to 20 mM bis-Tris buffer, pH 

2 5 6.5, containing 1 mM CHAPS by chromatography on Sephadex 
G25 equilibrated with the same buffer, prior to 
purification by ion exchange chromatography on a 
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Pharmacia Mono-Q column. The conjugate was eluted in the 
same buffer containing 20 mM sodium chloride. 

Example 8 

Conjugation of Nuclease PI to an Oligonucleotide 

5 Nuclease PI was linked to 2-pyridyl disulphide as 

described in Example 6 and stored in 0.1 M sodium 
bicarbonate, pH 7.5, containing 0.1 M sodium chloride at 
4°C. The reporter oligonucleotide of Example 5 was 
dissolved in 0.5 ml 0.1 M sodium bicarbonate buffer, pH 
10 7.5, containing 0.1 M sodium chloride to give a final 
concentration of 0.3 6 mM. This was incubated with 
activated nuclease PI prepared according to Example 6 at 
a mole ratio of 1:2 at room temperature for 45 minutes, 
followed by an incubation at 4°C for 16 h. 

15 The conjugate was transferred to 20 mM bis-Tris 

propane buffer, pH 7.5, containing 1 mM CHAPS by 
chromatography on Sephadex G25, and purified by ion- 
exchange chromatography on a Pharmacia Mono Q column. A 
sodium chloride gradient in the same buffer was used 

2 0 applied to the column and the conjugate was eluted at a 
molar concentration of 0.25 M. 

Example 9 

Enzyme Immunoassay Employing Nuclease Pi-Conjugated 
Ant i human IgG 

25 Standard solutions containing human serum IgG 

antibodies to measles were incubated in microtitre plates 
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coated with purified measles antigen (Edmonston strain, 
obtained from Sigma Chemical Co as the SIA measles IgG 
assay kit) for 30 min at room temperature. Each well was 
washed 5 times with a buffered solution containing 
5 surfactant (as supplied in the kit from Sigma) . 200 fil of 
a 2 nM solution of nuclease PI conjugate in 20 mM bis- 
Tris buffer, pH 6.5, containing 1 mM CHAPS was added to 
each well. The plate was covered and incubated at room 
temperature for 30 minutes. Each well was washed 5 times 
10 with the buffered solution containing surfactant to 
remove excess conjugate. The bound conjugate was 
quantitated using the amplification assay of Example 2, 
with an assay time of 5 minutes. 

Figure 4 compares the absorbance produced using the 
15 amplification assay for nuclease PI described in Example 
2 with that obtained using an alkaline phosphatase- 
labeled antibody assayed using p-nitrophenyl phosphate 
(the method normally used with the SIA measles IgG assay 
kit) . The nuclease Pl-based enzyme immunoassay is 
2 0 approximately 5 times more sensitive than the alkaline 

phosphatase/p-nitrophenyl phosphatase based system of the 
kit . 

Example 10 

Covalent Attachment of Capture Oligonucleotide to a 
2 5 Microtitre Plate 

The capture oligonucleotide of Example 5 was 
immobilized to the walls of a Covalink NH microtitre 
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plate (Nunc) as described by Rasmussen et al . (Anal 
Biochem (1991) 198: 138 - 142). The capture 
oligonucleotide was dissolved in 1 ml sterile water and 
its concentration determined from its absorbance at 2 60 
5 nm. It was phosphorylated using T4 polynucleotide kinase 
in the presence of a 5-fold molar excess of ATP at 37°C 
for 3 0 minutes. The reaction was terminated by heating 
to 95°C followed by rapid cooling on ice. The solution 
of oligonucleotide was diluted with 143 mM 1- 

10 methylimidazole , pH 7.0, to give a final concentration of 
1.3 /J.M, and 70 }x± of this solution, containing 91 fmol of 
oligonucleotide, was added to each well of the Covalink 
NH microtitre plate. This was followed by 30 fil of 1- 
ethyl-3- (3 -dimethylaminopropyl ) -carbodiimide , and the 

15 plate was sealed and incubated at 50°C for 5 hours. 

Reaction solution was then removed from the wells and the 
plate was washed 3 times with 0.4 M sodium hydroxide 
containing 0.25% (w/v) SDS at 50 °C, followed by a further 
3 washes at room temperature with 10 mM Tris-HCl buffer, 

2 0 pH 8.0, containing 1 mM EDTA. The plates were stored at 
4°C until required. 

Example 11 

Hybridization and Detection of Plasmid DNA 

50 pg of XDNA, dissolved in 95 fil sterile water was 
25 added to each well of the microtitre plate prepared in 
Example 10. This served as a control for non- 
complementary binding. A further 5 fil of a known amount 
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of the plasmid containing the human RNase mutant and 10 
pi 1 M sodium hydroxide were added. This mixture was 
incubated at room temperature for 10 minutes to denature 
the plasmid before neutralisation with 8 /il of 0.5 M 
5 sodium citrate buffer, pH 3.0, containing 2.21 M sodium 
chloride and 0.1% Tween 20. 

50 fil (34 fmol) of the nuclease Pl-conjugated 
reporter probe, prepared according to Example 8, 
dissolved in 0 . 1 M Tris-HCl buffer, pH 7.5, containing 7 

10 mM zinc sulphate, 1% (w/v) PVP, 0.1 % N- lauroylsarkosine 
and 150 mM sodium chloride, was added to each well. 
After hybridization at 40°C for 1 hour, the wells were 
washed 6 times with 20 mM Tris-HCl buffer, pH 7.5, 
containing 7 mM zinc sulphate, 1% (w/v) PVP, 0 . 1 % N- 

15 lauroylsarkosine and 150 mM sodium chloride. 

The amount of conjugate hybridized to the microtitre 
plate was quantitated using the amplification assay 
described in Example 2. Figure 5 shows that as little as 
3 5 amol of DNA can be detected in this way in a total 
20 assay time of 90 minutes (10 minutes denaturat ion, 60 
minutes hybridization and 20 minutes of amplification 
assay) . 

It will be seen that the enzyme labels used in 
preferred embodiments of the present invention are 
25 smaller, more stable, less prone to non-specific binding, 
and give less background from endogenous phosphatases 
than those previously described. 
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The above description contains many specificities 
which should not be construed as limitations on the scope 
of the invention, but rather as exemplifications of 
preferred embodiments thereof. Many other variations are 
5 possible. For example, apo-D-amino oxidase could be used 
instead of apo-glucose oxidase, as the apoenzyme . 
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Claims : 

1. A probe for use in an assay comprising a nuclease 
selected from PI and SI nucleases coupled to a specific 
binding member ( u sbm") . 


5 2. A probe according to claim 1 wherein the sbm is an 
antibody or a functional fragment thereof. 


3 . A probe according to claim 1 wherein the sbm is an 
IgG antibody or a functional fragment thereof. 


4 . A probe according to claim 1 wherein the sbm is a 
10 single-stranded nucleic acid. 


5. A probe according to any of claims 1 to 4 wherein 
the nuclease is covalently attached, directly or 
indirectly, to the sbm. 


6 . A method of producing a probe according to any 
15 preceding claim which comprises coupling a nuclease to an 
sbm . 


7. A method according to claim 6 wherein the coupling 
is between a nucleic acid with a derivatised 5' -end and a 
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nuclease which has been rendered susceptible to 
disulphide exchange . 


8 . An assay employing a probe according to any of 
claims 1 to 5 comprising a nuclease and a first sbm, 

V 

5 wherein 

i) a sample believed to contain an analyte is 
brought into contact with a carrier having a second sbm 
immobilised to it so that analyte in the sample binds to 
the second sbm and is thus bound to the carrier, said 

10 first and second sbm' s being selected such that they bind 
to different sites on the analyte; 

ii) the bound analyte is contacted with the probe so 
that the probe binds to the analyte via the first sbm; 
and 

15 iii) the bound probe is contacted with a signal 

system such that the activity of the nuclease of the 
bound probe leads to a detectable signal. 

9. An assay according to claim 8 in which step (iii) is 
carried out in the presence of phosphate. 


20 10. An assay according to claim 9 wherein said phosphate 
comprises inorganic phosphate. 
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11. An assay according to claim 9 or claim 10 wherein 
said phosphate comprises a phosphate monoester. 

12 . An assay according to any of claims 8 to 11 wherein 
the probe comprises antihuman IgG antibody (as the first 

5 sbm) the second sbm is measles antigen, and the analyte 
is human serum IgG antibodies to measles. 

13 . An assay according to any of claims 8 to 11 wherein 
the probe comprises an oligonucleotide and the analyte is 
single -stranded dna . 

10 14 . An assay according to any of claims 8 to 13 wherein 
said signal system comprises an amplification system. 

15. An assay according to claim 14 wherein said 
amplification system comprises an apoenzyme which is 
convertable into a holoenzyme by interaction with an 

15 accessory subunit; and a masked form of said subunit 

which is convertible into its active unmasked form by the 
action of the nuclease of the probe. 

16. An assay according to claim 15 wherein said subunit 
is FAD and said masked form is 3'-FADP. 
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17. An assay according to claim 15 or 16 wherein said 

apoenzyme is apo-glucose oxidase or apo-D-amino oxidase 
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Figure 5 
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